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© Present invention provides a method of holding 
substrate and a substrate holding system where the 
amount o1 foreign substances on the back surface 
can be decreased, and a little amount of foreign 
substances may be transferred from a mounting 
table to a substrate. The substrate holding system 
comprises a ring-shaped leakage-proof surface hav- 
ing smooth surface on the specimen table corre- 
sponding to the periphery of the substrate, a plurality 
of contact holding portions against the substrate on 
the specimen table between the corresponding posi- 
tion to the periphery of the substrate and the cor- 
responding position to the center of the substrate, 
and electrostatic ttraction means lor fixing the sub- 
strate by contacting the back surface of the sub-^ 
strate to the ring-shaped leakage-proof surface and 
the contact holding portions. The substrate contacts 
to the cooling surface at the ring-shaped leakage- 



proof surface and the contact holding portion placed 
on a position inside the ring-shaped leakage-proof 
surface. The back surface of the substrate and ttie 
cooling surface do not contact to each other in the 
large portion of the remaining area. 

FIG 2 
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Background of the Invention 
Field of tfie Invention 

The present invention relates to a method of 
holding a substrate and a substrate holding system 
,0 hold a substrate certainly in a production pro- 
cess tor treating the substrate such as semicon- 
ductor device while it is being cooled. 



Description of the Related Art 

Among substrate treating apparatuses of a pro- 
duction process for semiconductor devices, there 
a"e a lot of substrate treating apparatuses requiring 
,0 cool substrates, such as a plasma treatment 
apparatus, a spattering apparatus, a dry etchmg 
apparatus, a CVD (chemical vapor deposition) ap- 
paratus and a high energy ion implantation appara- 
tus Since the treating environment in these ap- 
paratuses is generally vacuum, it is difficult to cc« 
a substrate by contacting it to a ^^^"^^^ 
In the atmospheric pressure because of decrease 
in thermal conductivity. Although there is abundant 
literature for themial conductivity in vacuum (rar- 
efied gas), the amount of heat transferred by con- 
Set is small because of small real contact -ea 
when common contact surfaces come into contart 
with each other. Especially in heat t-nsf- be^^^^ 
a substrate and a cooling surface, it is difficult ttiat 
the substrate Is strongly pressed to the cooling 
surface since there is possibility to caused the 
damage of substrate. Therefore, various 'deas such 
as placing soft elastomer on the surface contacting 
?o a substrate have been proposed. However, in 
resent years, it becomes ordinary that a gas is 
InTcSuid between a substrate and a cooling sur- 
face to cool the substrate using the gas as a 
coolant, since heat load in the substrate incre^ 
or requirement to cool the substrate to lower tem- 
perature arises. 

There are various types of gas cooled suO 
strate holding systems. They can be roughh^ 
qorized into the followings: (1) a gas coohng type 
Ihere the back surface of a substrate and a cool- 
ing surface contact to each other and a gas is 
induced into the gap between the both -rface^ 
formed by the surface roughness, J2 a g^ 
cooling type where the back surface of a subst^te 
and a cooling surface do not contact to^ch other 
and a gas is introduced into the gap between the 
tx)th surfaces in the same way as above. 

The prior art of gas cooling type belonging to 
the former are described in. for example. Japanese 
Patent Publication No.2-27778 0^)^^^^^^'^ 
Patent Application Laid-Open No.62-274625 (1987), 
Japanese Patent Application Laid-Open No.1 
251375 (1989), Japanese Patent Application Laid- 



Open No.3-154334 (1991) Japanese U^ity 
Model Application Laid-Open No.4-8439 (1992) 
And the prior art of gas cooling type belonging to 
t,e latter'are described in. ^l^T^l^J^'^^, 
5 Patent Application Laid-Open No.63-102319 (1988). 
Japanese Patent Application Laid-Open Na2- 
312223 (1990), Japanese Patent Application Laid- 
Open No.3-174719 (1991). Further, there .s another 
Ze described in Japanese Patent Application 
,0 La^d-Open No.2-30128 (1990). where before intro- 
ducing a cooling gas the back surface of a sub- 
strate and a cooling surface contact to each othe^ 
but during cooling the substrate is pushed up due 
to gas pressure caused by introducing a cooling 
,5 nas and does not contact to the cooling surface. 

in these cooling, providing that a certain cool- 
ing gas is used, the cooling capacity (magnitude of 
transferred heat) with the cooing gas depends on 
the pressure of the gas and the distance between 
,0 the back surface of a substrate and a cooling 
surface (gap in the back surface of the substrate)^ 
R6.8 schematically shows the characteristic of 
thermal conductivity in low pressure. When the 
pressure of the cooling gas is low, the amount d 
^ transferred heat is proportional to the pressure of 
cooling gas and independent of the -^^f 
the gap between both of the surface. When the 
pressure of the cooling gas 's -ligher «han ^ 
pressure PO where the mean free («th of he 
30 cooling gas neariy agrees to the gap, the amount 
0? transferred heat becomes constant and indepen- 
dent of the gas pressure. The pressure of the 
cSing gas in the type (1) described above is 
gLrally in the region where the heat transfer .s 
35 proportional to pressure, and the Pressure of tf^e 
Lnng gas in the type (2) descnbed above is 
generally in the region where the heat transfer ,s 
independent of pressure. 

Characteristics and problems in various cooling 
« methods of substrate will be described below. 

First descriptwn will be made on the c^e 
where cooling is performed under a condition that a 
substrate contacts to a cooling surface. The ^Jng 
methods betonging to this type are Japanese Pa^- 
« ent Publication No.2-27778 ^l^l ^Z^^^^^ 
ent Application Laid-Open No.62-274625 (1987), 
IpaneL Patent Application Laid-Open I^o 1 - 
251375 (1989), Japanese Patent Application La d^ 
Open No.3-154334 (1991) and Japanese Utilinr 
so Model Application Laid-Open No.4-8439 (1992). In 
the cooling method of this type, although the sub_ 
strate and the cooling surface contact to each 
other, only the most protruded portions on the 
cooling surface contact with the substrate wher. rt 
55 is observed in detail. The indented portions on the 
cooling surface and on the substrate do not con ac. 
to each other, and the gaps are approximately 
lOum to 50nm although it depends on the surface 
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rouQhness in a case where a cooling gas is intro- 
duced mtf'e gap. the pressure is generally several 
Srs Ich is in a region nearly -^^^^ ^^^^^^l^^^ 
. r.=>.h Therefore a sufficient cooling eHicient 
robtS ty'proporly setting the pressure 

"Ci'when the cooling gas is supplied 
, J a Tpii-fied Single portion as shown .n^e 
f^re in Japanese Patent Publicaton No.2-27r78 

rS-arXTtrs^^^^^^^^^ Smce the 
flow the pressure distribution does not occur and 

^35140 Further, the method in which coohng gas 

"--'-^'teC":/r^^^^^^ 

Taid-Open No.1-251735 i^^^^^J^^^^l 
ent Application Laid-open No.4-61325 
«nv case in these cooling methods, s.nce the back 
ri ot the substrate and ^^'^i::'^:: 
rf»ntact to each other in a large area, there is a 
dS«e that there are a lot ot tore^n^ sub- 
stances on the back surface of the substrate a 
tached by contacting to the cooling surface. Pur 
Sprin order to prevent the cooling gas from 

Tn which a substrate is mechan.cally fxed 
Ta ogling surface from the top ^-^^^^^^ 
side surface of the substrate. S.nce the sub^rate^ 
m these examples, is mechanically fixed, the e .s a 
disadvantage that foreign substances are apt tote 
nroduced at the fixing portion. In t^^^ mem 
Sefc ibed in Japanese Patent APPlic^- 
Ooen No 63-102319 (1958) and in Japanese Patent 
Ap'^^ca^n Laid-open No.2-30128 (1990). a sub- 



strate is not fixed specially, but is held by the 
tZ o^ substrate itself. In this case, in order that 
me leakage of the cooling gas is not mcreased so 
.h orTe substrate is not floated up. the pres- 
""f of the c^^^Sig gas has to be limited low. This 
' rsel a disatantage that the cooling efficiency is 

'"Etec^ostatic adhesion is known as a method Of 

'° ::s:n:pro£.ii%rproLd 
jts£:s:-rs^H^^ 

:r«e S the outer periphery is not projec^ 
id Sd the prelections are provided only on the 
Ir iripheral portions, and '"rther the pro.ec^ 

b. DOsKoo. Ihe ralio ol Ito mean !«. pa* »1 «" 
„ ZfJ, 01 th. substrata. n»»l"«. " »"^' » *f, 

^u.^ a» to th. 

iS. cooling <o *lch . d«d 

r J^^*^»"'-rr«^J;' 
,„adl.t«l .ons 0. o» IS apt " " 

to™, cunmt llo-^no on Ih, sorlaca ol »obstr«e 

scribed above, aims mainly to cool a substrate 

efficiently However, as increasing in integration of 

rolctor device in recent Vea- jt -s reQUired 

riprrpase the amount of small foreign suD- 

" Sances such s particles or dusts and heavy metal 
stances sue v ^.^.^ pg^t. 

rrmV:rn b:Vaid on the foreign substances 
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attached on the back surface of a ^ubst^te. When 
Mount of foreign substances attached on the 
ScHurface of a sub^rate .s '-ge^*--;^^^^^^^^ 

— n^barsu^^^^^^^^^^^ 

Mother substrate. Therefore, decreasing the 
rrunt Of foreign substances is an i-PoJ^ PJ* 
lem for stabilizing the semiconductor production 
rJssori.prov.ngthevi^^^^^^^^^ 

rrbr— g^bS^^^^^^ 

SraJe to another merr,ber. Therefore, a lot of for 
In substances are attached to a subs a e by 
Tontacting to a cooling surface for |he su^s ra^- 

Further, the prior art ^oes not re^er Jo tt^e 
consideration against substrate -ze- Altho"^h t s 
mentioned that the influence upon ^f^^^^ 
lessened by leaking cooling gas into the treaj^g 
chamber with adhering force as small as possible^ 
Z relation between the adhering force and the 
cooling gas pressure is not mentioned. 

A conventional substrate holding systern m a 
substrate etching apparatus Qenerany e-p^^^^^^^^ 
method in which a substrate .s pressed its penpn 
wl^ooks to hold- as c^es-i^J^^apanese 

Patent Application •^'^'OP^"/ °f " ,T^V N^"- 
or Japanese Patent Application La-d'Open No^ 
P67271 (1990). When there is such a member 
Sng to the surface of the substrate, prob^m 
arise in that the contact portions in the substrate 
"e obstructed to be etched, the —g rnem- 
ber itself being also etched in some kind together 
J^i, S subs'ate. AS the results, the foreign sul> 
See sources such as reaction products are a^ 
S "the contacting ^^^^St 
ing member being damaged, which may lead 

force hereinafter, reterrea w o i^nanp'^e 
hering"), as described in. 

Patent Application Laid-Open No.2-1 35753 (1930^ 
atbstrate is placed on an electrostatic adhenng 
portion made of a dielectric -catena and a j-gh 
voltage is applied to them to hold the substrate 
i electrostatic adhering force. In this case, th^e 
Ts no social member to press the substrate in the 
perfphe^ of the substrate. Theretere, the problem 
oMhe possibility of producing the fore^n sut> 
s ances as described in the above example is 
so S However, the positional relationship b^^ 
in the substrate and the electrostatic ad er ng 
member is that the substrate is placed in the 
uppermost (substrate etching space s.de) and a 
step is formed in the electrostatic member such 
S the electrostatic adhering member comes to 



be placed below the substrate. When such a s^ep 
exir gas flow during etching a substrate changes 
abmpily at the periphery of the substrate te cause 
a non uniform etching in the substrate m some 
5 cases. 



Summary of the Invention 

An object of the present invention is to provWe 
,n a method of holding substrate and a substrate 
'° oltg system where amount of »or.g; 

^tances on the back surface can be decreasea. 
and a itSe amount of foreign substances may be 
TansLed from a mounting tabte to a substrate^ 
„ Another object of the present invention is to 

" provSe a method of holding subs^ate and a sut. 
Tate holding system where the deformation in a 
Ce diameter substrate can be suppressed, and 
The coiling efficiency for the substrate can be kept 
" "tSer Set Of the present invention is to 
provti a method of holding substrate and a sub- 
Srate holding system where me damage of a su^ 
strate caused during treating the substrate can be 

" ''TL^l further object of the P-ent invention is 
to provide a method of holding substrate and a 
IZre holding system where a coolir^S 9- - 
hp soeedv filled over the back surface of a sub 
30 stra e when the cooling gas is introduced after the 
Ibstrate is electrostatically attracted, and sub- 
stra? temperature control suitable for high pro- 
ductivity can be performed. 

Another object of the present invention is to 
! ,hP nroduct yield of substrate etching and 
ZZlZ^Tl:i^^'^e etching apparatus 
?y Teans orproviding the substrate holding ys^ 
tem decreased in foreign substances as descr bed 
iove and being capable of performing unrtorm 

" ""''Sording to the present invention, it is pro- 
vide^a ring shaped leakage-proof surface having 
smooth surface on the specimen table correspond" 
?nTto the periphery of the substrate, a plura I ty of 
con act holding portions against the substrate on 
he Sdmen Jabte between the corresponding 
So^^^o the periphery of the -bstr^e and 
corresponding position to tbe center of the sub 
strate and electrostatic attraction means for gen 
so eratg an electrostatic attraction force to attract the 
" subs 'ate towered the ring-shaped leakage-proof 
..nrface and the contact holding portions. 
"' order to decrease the foreign substance 
which may be adhered on a substrate, it is effec- 
;Tto decrease the contact area between a coo ng 
surface and a substrate. However, the distance 
iSn the cooling surface and the b^k surf^^^^ 
of the substrate needs to be kept m a distance so 
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as not to decrease the cooling efficiency through a 
cooling gas. In order to realize this, a small high 
step is provided on the cooling surface such that 
the back surface of the substrate and the cool.ng 
surface do not contact to each other even wheth^ 
er the cooling gas is introduced or not. Although 
the cooling surface and the back surface of *e 
substrate contact to each other at protruded por- 
tions provided on the step portion of the cool.ng 
surface, the area of the contact portions needs to 
be lirr^ited to as small as necessary. In the present 
invention, therefore, an electrostatic attracfton ^inc- 
tion is given to the cooling surface to attract the 
substrate to the protruded portions of the cool.ng 

surface. .. .„ 

Prevention of leakage of the cool.ng gas has to 
be considered. According to the present invention^ 
this can be attained by providing a ring-shaped 
protruded portion having smooth surface, that is, 
ieakage-proof surface, on the cooling surface cor- 
responding to the peripheral portion of a substrate 
fixing the back surface of the substrate to the 
cooling surface with electrostatic adhesion to pre- 
vent the cooling gas from leaking. 

According to the present invention, the follow- 
ing effects are abtained. One of the effects .s a 
solution for the problem on the transportaton of 
foreign substances in a pusher portion relating to 
handling of substrate. The pusher prov.ded .ns.de 
or through a mounting table contacts to other 
members and cannot avoid from a fore.gn sub- 
stance source. In the present invention, the excess 
cooling gas flows toward the opposite side of the 
mounting table through the hole. Since the foreign 
substances produced are curried in the opposrte 
direction to the substrate, the amount of forejgn 
substances attached to the substrate is decreased. 

Another effect of the present invention .s that a 
cover is provided in the back surface of the mount- 
ing table to protect the mechanism .n the back 
surface of the mounting table from attaching of 
reaction products for a long time as far as possible. 
Since complex mechanisms such as coolant sup- 
plying system and vertical driving mechanism for 
mounting table are usually constructed in the back 
of the mounting table, it is troublesome in handling 
when the reaction products produced by etching 
attach to these parts. In order to avoid this, accord- 
ing to the present invention, a cover is Provded .n 
the back surface of the mounting table such that 
the excess gas of cooling gas flows into the inside 
of the cover, the pressure inside the cover be.ng 
kept higher than the pressure in the treatment 
chamber during treating to suppress the reacbon 
products to enter the treatment chamber, wh^ch 
protects the mechanism in the back surface of the 
mounting table from attaching of reaction products 
for a long time as far as poss.ble 



The prevention of damage in substrate can be 
attained by connecting the electric circuit for elec- 
trostatic adhesion from the substrate side to an 
earth part such as the vacuum chamber through 
5 the plasma to minimize the electric potential over 
the surface of substrate. 

According to the present invention, a substrate 
contacts to a cooling surface at a ring-shaped 
leakage-proof surface and at contact holding por- 
,0 tions positioning in the inner side of the nng- 
shaped leakage-proof surface. However, s.nce the 
back surface of the substrate does not contact to 
the cooling surface in the most remaining part of 
the area, attaching of foreign substances caused 
,5 by contact can be prevented. Although the coohng 
efficiency for the substrate cooling is decreased a 
little comparing to when the substrate contacte to 
the cooling surface under the same pressure of the 
cooling gas. a sufficient cooling efficiency can be 
,0 obtained by forming the step on the cooling sur- 
face smaller than approximately 100 t.mes of the 
mean free path of the cooling gas. The gap be- 
tween the back surface of the substrate and the 
cooling surface is large comparing to that m the 
^5 conventional cooling method where the substrate 
and cooling surface contact to each other over the 
whole surface. Therefore, the conductance between 
the both surfaces is large so that supply.ng and 
exhausting of cooling gas are ^f'l^''^^^^ 
30 That is. the time to supply and exhaust the cool.ng 
□as is short, and tiien the time for treating a 
substrate can be shortened. Further, there .s a 
function that the conductance at contact portion of 
the periphery of the substrate and the coo ng 
35 surface is very small comparing to the non-contact 
portion of the inner portion of the substrate (in the 
molecular flow region, the conductance is Propor- 
tional to the square of gap), the pressure difference 
across the non-contact portion being small, that .s. 
40 the cooling efficiency being uniform. 

When a substrate temperature is controlled us- 
ing a cooling gas as a coolant, ttie pressure of the 
cooling gas is required to be higher than 2 Torrs. 
And the higher the pressure is. the higher tiie 
45 efficiency of heat tiansfer becomes. Ori the other 
hand the electrostatic adhering force largely de- 
pends on the temperature of the substrate to be 
controlled. In a process of production today^ 
the temperature is approximately -60 O to 
50 * too • C. the adhering force of 40 fo 100 gf/cm^ 
being stably obtained under applied voltage .n gen- 
eral of 300 to 1000V. Concerning the pressure 
control of cooling gas. it is difficult to control the 
pressure precisely, since the pressure largely 
55 changes depending on the time constant of the g^ 
supplying system or the relationship between the 
relative roughnesses of contact surfaces of he 
substrate and the mounting table. Therefore, the 
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target ot the pressure control may be, for example, 
lOTorrs i STorrs. 

When the outer periphery of the substrate .s 
fixed by adhesior, with the conventional method 
and a gas ,s filled in the back of the suriace wrth 
pressure of 10 Torrs, the substrate ,s deforr^ed 
by 0 1 to 0.25mm. This magnitude of deformat.on 
degrades the work accuracy of substrate etch.ng 
2 well as lessens the heal transfer eff.c.ency by 
cooling gas. To solve this problem, adhering por- 
Zs are additionally provided on the center side of 
a substrate, for example, one ring-shaped adhe ng 
portion for 6" substrate, two ring-shaped adhenng 
^ons for 8" substrate, in addition to the adher- 
1:^9 person on the periphery of the substrate. 
Therewith, the deformation can be prevented. 

H is well known that when a substrate contacts 
to another member, foreign ^^^^^^^^ ^"-^ 
tainly attached to the contact point. From this po n^ 
o view, it is clearly preferable that the electrostatic 
adhering surface is small. However, taking pressuj^e 
Tntro. level and adhering force into cons.dera^^n 
Is described above, it is suitable in the up-to-date 
technical level that the adhering ar^ -s lessth^ 
approximately hart of the total area of the subsfrate^ 
This is because that when e'«<=<^°^^«=^^^*J 
force is 40 gf/cm2 and adhering area .s half of the 
o a^area, the total adhering force for 8" sub^^e 
Somes approximately 6280 gf, and se^a^ 
ing force with the cooling gas of 15 Torrs is ap- 
proximately 6100 gf. 

Further, by providing a pusher for serving sub- 
strate transportation in a hole f »° 
l«ck surface of the mounting table, the excess 
c^ling gas serves as a carrier gas for carrying 
r4n substances produced at the pusher po-ton 
to prevent the foreign substances from attachu^ to 
the substrate. In addition to this, the excess cool^ 
gas is introduced into the inside of a cover on ^ 
Lk surface of the mounting table and makes the 
^Lure inside the cover higher than the pressure 
■u the treating chamber to Pleven, contarruna^ o 
and attaching of reaction products to the mecha 
nisms on the back of the mounting table^ 

In order to prevent abnonnal discharge from 
occurrence when the high frequency voltage is 
applied to the substrate to generate bias voltage for 
etching the substrate, a high frequency voltage 
a^p y"ng portion and a standard electric potential 
Son are insulated with an electrically insulating 
S;^Sial not so as to facing to each other direct y 
,0 addition to the above measures, a pin for ans 
porting the substrate is provided and is constructed 
such as to be electrically conductive. Since the 
electrostatic adhering force due to remaming 
charge can be instantaneously disappeared by re- 
..ovfng the charge accumulated in the subs rate by 
means of contacting the pin to the substrate when 



the substrate is transported, the substrate is not 
litted with unnecessary force. 

Since the flow passage to conduct the coolant 
for controlling the temperature of the substrate is 
5 formed with diffusion welding or soldering in such a 
structure that the portion forming the ^^^.p^ssag. 
is completely jointed, no seal is ^f^"'^^ ! 
through hole is provided in any place except the 
^ passage. Therefore, a temperature detector or 
,0 a detector for detecting the presence or absence of 

"In^lr to make the gas flow on the surface of 

a substrate uniform, a gas flow uniforming memter 

^hereinafter referred to as "susceptor") is provided 

,5 n the outer peripheral portion of the substrate. The 

surface of the susceptor is in a higher level than 

S of the substrate so that the gas flow does not 

iruptly change at the periphery of the sub^ ate. 

The surface of the susceptor facing to the periph^ 

,0 ery of the substrate is formed in normal to he 

surface of the substrate to restrict the movemem in 

he lateral direction or sliding of the substrate^ 

Further, there are some cases in which the reaction 

products produced by substrate etch.ng or the 

Jlasma tums in the gap between the cover mem- 

L facing to the back surface of tiie sub^ate .n 

the peripheral portion and the back surface of the 

substrate to attach foreign substances on the back 

surface ot the substrate. This Pheno"^^« Jf PJ^^ 
30 Jented by means of making the distance between 

I back surface of the substrate and the cover 

"'^'"/? described above, since the foreign sut>- 
stance source attached to a substrate is eliminated 
35 as far as possible, the foreign substances can be 
Lreased^urther. since the gas flow is un- 
formed, the uniformity in the substrate etch.ng over 
he surface can be improved. Since the dete^^ 
rneasuring substrate temperati^re and the detejr 
« tor detecting the presence or absence of sub» 
can be easily installed by means of mod.f;^«*7 °' 
,t,e structure and the manufacturing meWod of tt« 
substrate hokiing system, the rel.abil.ty and the 
operability of the apparatus can be improved. 

^ Brief Description of the Drawings 



FIG 1 is a vertical cross-sectional view showing 
an outiine of a substrate treatment apparatus to 
50 which a substrate holding system in accordance 
with the present invention is applied. 

FIG 2 is a vertical cross-sectional view showing 
an embodiment of the substrate holding system .n 

""'^ FIG 3 is a vertical cross-sectional view showing 
another' embodiment of the substrate holding sys- 

tem in FI6.1- 
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FIG.4 is a top plan view showing the substrate 
holding system in FIG. 3. 

FIGS is a top plan view showing another em- 
bodiment of a substrate holding system. 

FIG 6 is a top plan view showing a further 
embodiment of a substrate holding system. 

FIG 7 is a vertical cross-sectional view showing 
another embodiment o. a substrate holding system 
in accordance with the present invention. 

FIQ.8 is a view explaining the heat transfer 
characteristic in vacuum. ,„„.h« 
FIG 9 is an explanatory view showing another 
embodiment of a substrate holding system m ac- 
cordance with the present invention. 

FIG 10 is an explanatory view showing a sub- 
strate etching apparatus having a substrate holding 
system in accordance with the present . 

FIG 11 is an enlarged view showing the outer 
peripheral portion of the substrate holding sy^em^ 
FIG 12 is an explanatory view showing remov- 
ing accumulated charge during transporting a sub- 

*^F1G 13 is a vertical cross-sectional view show- 
ing another embodiment of a substrate holding 
system in accordance with the present inventon. 

FIG 14 is an explanatory view showing an em- 
ixxiiment of a method of manufacturing the coolant 
flow passage in the substrate holding system. 

FIG 15 is an explanatory view of another em- 
bodiment of a substrate holding systerr,. 

FIG.16 is an explanatory view of the coolant 
flow passage of a holding member in Fig. 15. 

Detailed Description of the Preferred Embodiments 



As a first embodiment according to the present 
invention. FIG.1 shows an embodiment employing 
an electrostatic adhering circuit for fixing a sub- 
Lte 1 to a holding member 2. In F1G.1. a micro- 
be plasma etching apparatus is used for ^eating 
the substrate 1. A substrate holding system 9 
.Tiounting the substrate 1 is placed in an etching 
chambe? 10. The etching chamber 10 is exhau^ed 
with a vacuum pump 11. a gas for etching being 
died from a gas supply unit. The substrate 
hoSng system 9 is connected to a high frequency 
power source 12 and a direct current power source 
13 Microwave is introduced into the etching cham- 
ber 10 from a quartz glass window 15 through a 
wave guide tube 14. When the high frequency 
power source 12 is come into operation or the 
^crowave is introduced, plasma 16 is Produced in 
the etching chamber 10. At that time, an elect o- 
static adhering circuit .7 is formed by the potent^l 
o, the direct current power source 13 through the 
substrate holding system 9. the substrate 1. the 
plasma 16 In this state, the substrate 'S fixed to 
the substrate holding system 9, that is, fixed by the 



electrostatic force produced in the substrate hold- 

'"^ HoTshows the cross-section of the substrate 
holding system 9 in FIG.1. A substrate 1 is moun- 
, ed on a protruded portions 3 and 20 o, a hold.ng 
member 2 for substrate, the protruded portion 3 of 
the holding member 2 being connected to an^ec- 
tritatic aLring circuit 17, the substrate 1 being 
fixed to the holding member 2 at the protruded 
,0 portions 3 and 20. A flow passage for flowing a 
coolant 4 is provided in the holding "member 2 to 
cool the substrate 1. The coolant is supplied from a 
supplying unit 5 schematically illustrated and 
Sowed out from an outlet portion 6 to conUol the 
,5 temperature of the holding member 2. Further a 
flowVassage for a cooling gas 7 is provided in the 
center of the holding member 2 to supply and 
exhaust the cooling gas 7. The temperature confrol 
of the substrate 1 is attained by the cooling gas 7 
.0 filled in the indented portion 8 of the ''old^.ng mem- 
ber 2 preforming heat transfer between ^^^'^ 
member 2 and the substrate 1. The electrostatic 
adhering force is generated by a dielectric ma er^l 
18 attached or formed on the surface of the holding 

""^"Jl^mLm oxide or mixture of aluminum oxide 
added titanium oxide may be used as the dielertr c 
material 18. The voltage of several hundred volt .s 
applied to the holding member as the direct current 
so vottage for generating the electrostatc fo«*^ 
Therewith, the substrate is electrostatically fixed to 
the protruded portion 3 of the holding me,T|ber 2 
shown in FIG.2. The electric potential for electro- 
sSic adhering Is applied from the ^^i-t cu.en 
35 power source 13, the potential being "".form over 
me holding member 2. over the protruded port on 3 
and over the outer periphery of the sub^ate 1 . 
Therefore, the potential difference produced over 
the surface of the substrate 1 is caused by tt^e 
^ distribution of electrons or ions '[[^^f ^d on the 
substrate 1. and is not so high that the potential 
difference may give a damage to the substrate 1^ 
On the other hand, in a method where Pos'fve^nd 
negative electric poles are fomned the ji^^J 
« member 2 to adhere the substrate electros^aftc^ ly 
with the electric poles, there is a possibility that a 
high voltage difference in the substrate 1 to give a 
damage to the substrate. 

Then the cooling gas 7 is supplied to the back 
50 surface of the substrate 1 fixed such a manner^ 
The cooling gas 7 is filled in the indented portion 8 
of the holding member 2. the pressure being with.n 
the range of several Torrs to several ten Torrs^ 
When the gap of the indented portion 8 is 15nm to 
56 0 1 or 0.2mm. decrease of the cooling efficiency 
can be neglected. That is. the gap needs to be 
lager than 15um when the existence of parfcles or 
the roughness of surface is considered, and the 
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upper limit of the gap is 0.2mm when the thermal 
conductance of gas is considered. 

tt can be considered that the electrostatic ad- 
hering force is nearly zero over the indented por^ 
Z l Where there is the gap. and is generated 
only over the protruded portion 3. However, s.nce .t 
is possible to set the adhering force strong enough 
to endure the pressure of the cooling gas 7 by 
™rly setting the voltage of the direct current 
'p^r source ?3, the substrate 1 is no. moved or 
separated by the cooling gas 7. 

The temperature of the holding member 2 is 
controlled with cooling by the coolant ^- ^J]^'^""^^ 
the molecule of the cooling gas 7 cooled or^ the 
surface of the indented portion 3 of the holdmg 
member reaches the substrate 1 directly o atte 
number of collisions with other molecules of 
Z ceiling gas. The molecule of the coo ng gas 
reached the substrate 1 receives energy from the 
substrate 1. that is, cools the substrate 1. returning 
to the holding member. By -peahn^ he 
cycle above, the substrate 1 is cooled. In the case 
where the pressure of the cooling gas 7 is sutti- 
den«y higher than the pressure having the mean 
Srpath corresponding to the gap at the mderrt^ 
portion 3, it becomes a dominant phenomenon that 
m?gas molecules collide to and exchange energy 
with each other to carry the thermal energy J 
substrate 1 to the cooling surface of the holding 
member 2 in addition to the above phenomenon of 
gas molecules. However, the thermal ^'^jj^l 
Lrt within the range of the present 'nvention -s 
heat conduction through the cooling gas 7 as a 
thermal medium. In other words it is "^t the ph^ 
nomenon where, for example, the cooling gas 7 s 
cooled with a cooling unit separately Provded -n 
advance and conveyed to the back surface of the 
substrate 1 to cool the substrate with the heat 
capacity of the gas. The gap of the intended por- 
tion 3 and the pressure of the cooling gas 7 satisfy- 
ina the above condition are chosen. 

The ratio of energy transport between the cooh 
ing gas 7 and the holding member 3 expressed 
by a value called thermal adaptation factor. The 
themial adaptation factor depends on the kind of 
coorg gas and the surface condition of memb^ 
Sate of contamination etc.). The same can be 
applied to the heat transfer between the substrate 1 
and the cooling gas 7. Helium is "sed ^s ttie 
cooling gas 7 because helium does not affect etch 
ng chaLteristic when it leaks, and because he 
supplying or exhausting time for the cooling gas 7 
is shorter than the other gases. However, ofrie 
gases such as nitrogen, argon, an etching gas may 
be used although the cooling efficiency .s changed. 
The cooling gas is not specially limited to these. 

As described above, the substrate 1 is sutti- 
cently cooled through the cooling gas Further the 



substrate contacts to the holding memt>er 2 only at 
the protruded portion 3. The portions having po^ 
sibility to be attached foreign substances produced 
by contacting the back surface of the subs.ate o 
5 other member are only the portions or, the back 
surface of the substrate corresponding to the pro- 
Led portion 3. 'n a case Where the substra^ l 
has a larger area than the holding member 2 and a 
part of the surface of the holding member sticks 
,0 S of the substrate 1 shown in FI6. 2 plasma -s 
irradiated on the sticking surface to etch and the 
etching reaction products from the substrate 1 
attached to the sticking surface. Thereby, ttie for- 
eign substances attaches to the top side surface of 
,5 the substrate 1 through the sticking surface. 

This is the reason why the diameter of the 
holding member 2 is smaller than the diameter of 
he substrate 1. However, the effect of decreasing 
oreign substances on the back surface according 
to the present invention is no, ^^egraded even when 
the diameter of the holding member 2 is larger 
than the diameter of the substrate 1 . 

FIG 3 shows an other embodiment according to 
the present invention. Although the ambcKiimjnt m 
25 FIG 3 is basically the same as that in FIG.2, he 
" embodiment in F.G.3 has a pusher 19 for trans^r^ 
ring the substrate 1. The substrate 1 is transferred 
"om me holding member 2 by -ving the push^ 
19 upward and downward. The pusher 19 has to be 
30 mov^ upward and downward every tteatment. 
That is, the pusher needs to be moved indepen- 
de tly of the holding member 2. Therefore, there is 
a need to provide a gap between the holdmg 
member 2 and the pusher 19. The cooling gas 7 
35 Lks through the gap. The -eakaga ^oun^ o 
cooling gas 7 needs to be suppressed as low as 
TcLlble .n order to realize this an inner side 
protruded portion 20 having a surface nearW the 
same height or the same height as that of the 
^ "Ided'porfion 3 is provided -ound pus e 
19. Since the surface is flat and contacts to the 
substrate 1, the leakage amount of the cooling gas 
can be suppressed within an a..owab|e a,.ount^ 
The reasons why the pusher is provided n the 
^ center of the protruded portion 20 are the following 
three. 

(1) To exhausting the excess gas, 
2) To exhausting the foreign substances pro- 
duced at the pusher portion with the gas flow. 
c„ (3) To prevent an abnormal discharge. 

The occurrence of abnormal discharge de- 
pends on the kind of gases, the pressure of env- 
Lment, the gap distance applying voltage and the 
voltage. In a case where the pusher is plac^. for 
« example, in a cooling gas environment, the gap 
distance applying vortage needs to be ai6 to a2 
mm when the pressure of the cooling Qas environ 
ment is 8 to 10 Torrs (mHg) and the voltage for 
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electrostatic adhenng is 450 to 700 V. However, 
forming such a gap is a difficult work. In the case 
ot the embodiment according to the present inven- 
tion the pressure of the environment containing the 
pusher 19 can be made extremely lower than the 
pressure easy to occur discharge and the abnormal 
discharge can be prevented from occurring even 
when the pressure of the environment containing 
the pusher 19 is higher than the pressure in the 
etching chamber of 3 to 5 mmTorrs by the pres- 
sure difference for increasing conductance tor ex- 
ample. 10 mmTorrs (1/10=^ mmHg) and the gap 
distance is approximately 1 mm. 

FIG 4 is a view of the substrate holding system 
9 in FIQ.3 removing the substrate 1 looking down 
from upper side. A feeding and exhausting ho e 21 
for Jcooling gas 7 is provided in the ce"te-^ 
the holding member 2 and, the pushers 19 and the 
inner side protruded portions 20 are arranged ar- 
ound the feeding and exhausting hole. The mner 
side protruded portions 20 also serves as supports 
against the bending of the substrate 1 . 

Although the inner side protruded portion 20 s 
round-shaped in FIG.4. the shape is not limited to 
round-shape. Fig. 5 shows an ^^"^^"'J^ 
substrate holding system 9 being ""g-shaped^ 
There are provided in the ring-shaped protruded 
portions 22 a temperature sensor 23 for the sub- 
strate 1. a substrate detecting sensor 24 for detect- 
ing existence of the substrate, an earth te^7"f25 
for bringing the potential of the substrate 1 to earth 
potential in addition to the pusher 19. In order to 
perform speedy feeding and e><f^«f' "9 °* 
cooling gas 7 to the indented portion 8, parts of the 
Tg-shaped protruded portion 22 are cut to make 
the cooling gas 7 pass through the Partseas'hj^ 

In an apparatus using plasma, employing a 
fluorescent thermometer as the temperature sensor 
23 eliminates the problem of noise. An example o 
the substrate detecting sensor 24 is an optical fiber 
through which laser beam is introduced to irradiate 
the t^ck surface of the substrate 1. Existence of 
the substrate t is detected by existence of r^ 
fleeted light. Since the output of the temperature 
sensor 23 changes depending on existence of the 
substrate 1, the change can be used in detecting 
existence of the substrate 1 

The earth terminal is used before pushing up 
the substrate 1 electrostatically fixed by using the 
pusher 19. While remaining adhering force is ex- 
isted in the substrate 1 electrostatically fixed, the 
pusher 19 cannot be used. Therefore, m order to 
shorten the waiting time, there are some cases 
where the substrate 1 is required to be grounded. 
By moving the earth terminal 25 upward and down- 
ward to be contacted to the substrate 1 , Potential of 
the substrate i is grounded. Although the earth 
terminal 25 .s made of an electric conductive ma- 



terial it is effective to employ silicon carbide hay- 
ing a much larger resistivity than general metals to 
avoid an abnormal discharge during plasma treat- 
rpent. Further, it is possible that the function is 
5 given to the pusher 1 9 such as to also serve as the 
function. 

Although various kinds of the sensors are a^ 
ranged on a single holding member in F1G.5, the 
sensors can be used separately without degrading 
,0 the object of the present invention. 

By employing the substrate holding system 9 
according to the present invention, the amount o 
foreign substances attaching to the back surface of 
the substrate 1 is decreased. Further, by using the 
,5 substrate 1 treated with the substrate holding sys- 
tern it can be prevented to attach the foreign 
substances on the back surface to the top surface 
of another adjacent substrate, to contaminate ttie 
substrate by foreign substances "^ete^ or de- 
20 tached from the back surface. Susceptor 68 sery- 
ing as a cover of a head portion 61 to pro ect the 
f,ead porfion 61 to be etched and to insulate the 
side surface of the head portion from the surround- 
inq electrical space. 

FIG 6 shows a further embodiment of a sub- 
strate holding system 9 according to the present 
invention. The holding member 2 has island- 
shaped protruded portions 22A, 22B arraying con- 
centrically. In this embodiment, a substrate is sup- 
30 ported with concentrically three portions, the pro- 
Led portion 3 in the P^nP^e^' P^'^o"^!^^^- 
land-shaped protruded portions 22A and 228. ^.s 
configuration is especially effective when the diam- 
eter of the substrate 1 is large. 

FIG 7 shows another embodiment according to 
the present invention. F1G.7 is a cross-sectional 
view of a substrate holding system 9. An insulatng 
film for electrostatic adhering is coated on the top 
urtace of a head portion 61, a weir 62a for con- 
^ tacting and fixing a substrate 1 being P--ded on 
the periphery of the substrate, a weir 62b and a 
weir 62C being provided on the inner side of the 
weir 62a, a hole 66 penetrating to the back surface 
of a mounting table being provided in the center of 
^ the weir 62c. A space 64 for containing coolant is 
provided inside the head portion 61. a f>assage 
capable of feeding and exhausting the coolant be- 
ing provided. A shaft 63 secured to the head po^ 
tion 61 is provided near the center of the subsUale 
eo holding system 9. a guiding passage for int^uc^ 
ing cooling gas being provided inside the shaft^A 
pusher mechanism 65 for transporting a substrate 
is provided in engaging with the hole 66 described 
above. A cover 67 is placed in the outer periphera 
55 portion of the penetrating hole 66 on the back of 
the mounting table. 

In a case where a substrate 1 (wafer) is treated 
in the embodiment in FIG.7, the substrate 1 is 
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introduced into a treating chamber using loading 
means (not shown) under a vacuum condition, the 
substrate 1 being mounted on a mounting table 9 
controlled its temperature in advance with a cool- 
ant current being supplied to an electromagnetic 
coll' 4 to form a given magnetic field, a treating gas 
being introduced, current being supplied to a mag- 
netron to generate microwave, the gas being 
turned into a plasma in the treating chamber by 
ECR (electron cyclotron resonance), a DC circuit 
being formed by the plasma to produce an electro- 
static adhering force. Then a cooling gas is filled 
between the substrate 1 and the mounting table 9. 
The cooling gas rapidly diffuses inside the gap 
except contact portions attracted, transfernng the 
heat entering from the plasma into the substrate 1 
(wafer) to a head portion to transfer the heat to the 
coolant In order to extend the cooling effect up to 
the vicinity of the outer periphery of substrate, the 
cooling gas is leaked to the treating chamber 
through the outer periphery of substrate. At the 
same time, the cooling gas is exhausted to the 
back of the mounting table as an excess gas 
through a penetrating hole 66 having a dimensional 
relationship such as to leak the cooling gas ac- 
tively Since the gas between the substrate and the 
mounting table needs to be kept in above a given 
pressure, gas is always supplied by the amount 
corresponding to the leaked amount. 

According to the embodiment, it is possible to 
provide a plasma treating apparatus in which the 
amount of foreign substances transferred to the 
back surface of a substrate is decreased by de- 
creasing the contact area with keeping the cooling 
gas pressure required for cooling, and which hav- 
ing a good repeatability as a production apparatus, 
being capable of treating with plasma under con- 
dition of controlling the substrate temperature, and 
having excellent productivity. 

Further it is possible to provide a plasma treat- 
ing apparatus in which the foreign substances pro- 
duced in the pusher portion are transported to the 
opposite side of the substrate by exhausting the 
excess cooling gas to the back of the mounting 
table (opposite side of the substrate) to decrease 
the amount of foreign substances attaching to the 
substrate, concurrently the gas being exhausted 
inside a cover provided on the back of the mount- 
ing table in the treating chamber to keep the pres- 
sure inside the cover higher than the pressure in 
the treating chamber and to prevent the reaction 
products from attaching to the mechanisms of the 
mounting table, and of which the characteristic is 
small time-varying 

Helium is generally used as the cooling gas 
here Although in the present invention the cooling 
gas leaks into the treating chamber by several ccm 
(cubic centimeter per minute) to 10 ccm, it has 



been confirmed by an experiment that the leakage 
amount does not affect the process since the 
amount is 1/100 to 1/several tenth of the supplied 
amount of process gas. 
5 Although the present invention has been de- 

scribed in each of the above embodiments with 
taking substrate cooling into consideration, it is 
understood that there is no substantial difference in 
a case of heating a substrate since the only dif- 
,0 ference is that the temperature of the holding 
member is kept higher than the temperature of the 
substrate. 

According to the present invention, a substrate 
can be certainly cooled and at the same time the 
,5 amount of foreign substances attached to the back 
surface of the substrate can be decreased. Further, 
the amount of foreign substances attached to the 
top surface of the substrate can be also decreased 
since the substrate is fixed with electrostatic adhe- 
re sion and there is no need to use any substrate 
fixing hardware such as to contact to the substrate 
on the lop surface of the substrate. Furthermore, 
substrate treatment on the top surface of a sub- 
strate can be pertomied throughout the surface of 
25 the substrate since there is no obstacle such as 
substrate fixing hardware. Therewith, the yield of 
production in substrate treatment can be improved 
by decreasing the amount of the foreign sub- 
stances on the back surface. The yield of produc- 
30 tion can be further improved and the number of 
device chips obtained from a single substrate can 
be also increased by decreasing the amount of 
foreign substances attached to the top surface of 
the substrate. 

3S The damage of substrate due to conventional 
electrostatic adhering electrode is not caused in 
the present invention, which improves the yield ot 
production. 

Another embodiment of the present invention 
40 will be described in detail blow, refemng to the 
drawings. 

FIG 9 shows another embodiment in accor- 
dance with the present invention. In FIG.9, a sub- 
strate 1 is held on a dielectric material 18 formed 
45 on a holding member 2. Under the holding member 
2 an insulating member 40 and a base 41 are 
placed and supported with a shaft 63. In the hold- 
ing member 2. a coolant flow passage 42 for con- 
ducting a coolant to control the temperature of the 
50 substrate 1 is fomied. In order to supply the coo - 
ant to the coolant flow passage 42. a through hole 
penetrating through the base 41 and the insulating 
member 40 is provided and a coolant supply por- 
tion 43 is also provided. A pusher 19 is inserted m 
55 a through hole penetrating through the holding 
member 2. the insulating member 40 and the base 
41 the side surface of the through hole being 
formed of an insulating pipe 44. The pusher 19 is 
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nrnvided around the shaft 
„3„port «, Sid. Ih. s« 63 

the hiah frequency supplying shaft 4/ oeiny 

, high l.«l»nc» th. 

j:;.p.'ih»..«-j^»?,^^i^ 

clput «" 'l*^^ „i„ » 6e coo- 

'ir*"S^^cr s.«*«-ic 

A susceptor 3b servuiy a;> « ^ niared in 

materia. 18 and the holding --^^^J^,^ 
the outer peripheral porfon °' ^he 
uniform the gas flow for f^^^f^^^Tr 36 is 

will be made below °" ^^^f 7 ^^^^ i,,ention 
holding system according to the prese 
is applied to an etching apparatus. 



The vacuum chamber 27 is conr|ectecl 'o an^ 

through a val^^e^ ' " through the substrate loading 
6 vacuum chamber 27 through t ,^^^| 
mechanism is transported at a ^'^"^^ \ 
■ ^ 1^ h« a two-dot chain line m FI6.10. mere 

indicated by a wo uu. inwered to 

thP substrate holding system 9 is lowereo lu 

surface 18 by "^^^"^ The coolant to 

upward and downward aUh s le-'^^^^^ 
control the temperature of the suostraw 

system 9, the laser reflected on the 

substrate ^'^^'^^iZTm Znea^ light 

r:^rh;rjri""»a,. 

. ^« 1.^ carried out. With this state, since the 
helium gas . s earned o ^^^^^ 

" SStysIlgCLrc^waveatagivenva^^^ 
startea oy ^ui'-y ♦,^„Mirv voltage. After 

completion of the etcnir^« 
cuency voltage is ^^^^^^^'^'^.'tu^^^xe is 

Still kept TO u« suDplied, non-etching gas 
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downward movement ot the substrate holding sys- 
9 and tt^e process for unloading the substra e 
Tare started. The unloading process .s preformed 
in the inverse process of the loading process^ A 
new substrate is loaded for the next etch.ng. Then 
etching is carried out in the same manner as 

"^'^though the reaction products (gas) produced 
with etching gas and etching on the surface of the 
Jbs^Se is distributed in an aPP-ir^ately unrform 
density over the surface of the substrate 1. the 
e'ch ng characteristic in the peripheral port,on may 
i different from that in the central Portion .nce^" 
the outer peripheral portion of the subsfrate 
portion to produce the reaction products does not 
S outside the substrate and the flow boundary 
gas flow abruptly changes. Therefore, .n the 
o esent invention, the susceptor 36 .s placed ap- 
rrfxltely in the same level as the substrate to 
prevent the gas ftow from abrupt change. The flow 
o «ie etching gas and the reaction produces .s 
d rected slightly upward due to -f -^^t ofre 
surface of the susceptor 36. a ^«9"«:;* "'.^'^ 
etching gas and the reaction products takes place 
id causes a phenomena as if there -s an Jch.ng 
reacfion portion in the outer P-'^^'^.^^^J, 
the substrate. Therefore, etching .s "nrforrnly Per 
termed in the peripheral portion of the sub^^e . 

in addition to the above, there .s an effect that 
since the periphery of the substrate 1 is m a state 
orS^ing cLir^ed in the susceptor 36 and the s.de 
war36A of the susceptor 36 restricts the substrate 
ft Shift largely, it is possible to avoid the s.uatjon 
where the substrate cannot be transported and the 
of the etching chamber has to be br<^en 
even when the electrostatic adhering force .s d.sa^ 
Tared with some abnormal state and the substrate 
r m^ved by the pressure of the helium g^ 
supplied to the back surface of the s"bsfrate 1. At 
this time ttie substrate 1 does not nde on the 
«i surface of the susceptor 36 even wh^ 
L substrate 1 slides because the .nner surface 
oftt^s susceptor 36 facing to the outer penph- 
JaVsurlace of the substrate 1 is n^ly vert.- . 

This case is different from a case where the sur 
face of the susceptor 36 is taper-shaped. 

Description will be made below on the gap 
t)etween the back surface of the substrate 1 and 
the susceptor 16. 

In the substrate etching surface side, the plas 
ma 16 is generated and the etching gas and the 
reaction products are flowing. Therefore, when the 
gap between the back surface of the subs rate 1 
and the susceptor 16, the etching gas and the 
reaction products enter into the gap and are accu- 
mu ated I the back surface of the substrate. They 
To m foreign substances. This is not preferable 
because the product y,eld of etching process de- 



creases. On the other hand, when '^^^ g^P^^^^;" 
them is decreased as small as possible, the etch 
ng gas and the reaction products are decreased to 
enter the gap and the foreign substances acc^ 
, m^Ld in the back surface of the substrate can t>e 
deceased. According to the result of anther expe- 
ment the effect described above has been effec 
tive when the gap is less than 0.3 mm. 

The etching treatment is performed wrth apply- 
,0 ing the high frequency voltage to the substrate 1^ 
At this tirne. there are some cases where an ab- 
Imal discharge takes place between the holding 
member 2 dire'ctly applied with me high frequency 
voltage and the base 41. When the abnormal d.s- 
,5 charge occurs, the high frequency voltage is not 
" coiy applied to the su^ate I- the^^^J 
rtself becomes abnormal. T1.S .s not l«T,n^ to 
etching but can be said generally in the type of 
tZL treating apparatus in which Plas-^^^ 

^ generated using a high fro'l"«."7^^*''»"9^ ^ 
I prevent these phenomena, in the substrate hold 
ing system according to the present -nvonjon the 
bie 41 being in a different electnc potential from 
the high frequency voltage applied |^-;'°" J^^^^" 
25 cially isolated by inserting the insulating pipe 44. 
Thereby, the abnormal discharge can be prevent- 

^' Description will be made on transportation of 

hS'capability of adhering the substrata 
1 to the dielectric material 18, the substrate 1 js 
electrostatically attracted to the dielectric thin tim 
even when the direct cu-ent POwer souro^ Mor 
electrostatic adhesion is swrtched off. Therefore, 
Sntirtation of tiie substrate 1 has to be waiting 
S^me accumulated charge - .^^^^"^'^ 
There is an additional problem to ludge wh^er 
the accumulated charge is present or abseo^^ In 
, Ler ,0 solve this problem, the pusher 19 is made 
of a material having small conductivrty such as 
Sicon carbonate as shown in f^lG.12. By domg so. 
^"Lumulated charge flows to a Q-nd^ - 
through the pusher 19 to disappear. Thereby, a 
« S on transporting the substrate can be avc^ 
ed and a reliable substrate transportation can be 
realized The grounded circuit connected to the 
pusher 19 may be disconnected during generating 
Clasma. It is preferable to employ this manner 
50 wheS the grounded line and the high frequency 
IppL porton are placed near each other and the 
abnormal discharge takes place. 

Although the substrate 1 transported w.h 
upward/downward movement of the pusher 19. an 
abnormal state occurs if the substrate is vibra^^ 
during transporting. Therefore, the pusher 19 h^ 
; move smoothly. In order to guide the pusher 
with certainty, in the present invention, the guide 
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45 is provided on the shaft 63. By doing this, the 
length of the pusher 19 does not become exces- 
sively long and high reliable transportation can be 

realized. . . 

As described above, the elements of a high 
reliable substrate holding system have been clan- 
fled Description will be made below on the solution 
of the problem in a case where the substrate 
transporting level is different from the level of sub- 
strate treating position (the substrate position cor- 
responding to the position illustrated in ^^GAO). 

FIG 13 shows the comprehensive construction 
of a substrate holding system. The upper portion of 
the system is nearly the same as in FIG.9. Tfie 
different portion from FIG.9 is that the oute^ 
surface of the holding member 2 applied with ttie 
high frequency voltage is covered with an insulat- 
ing member 40. By doing so, the distance between 
the high frequency voltage applied portion and the 
grounded portion becomes long and the preventive 
effect against the abnomial discharge can be im- 

'"'Tn^'order to travel upward and downward be- 
tween the substrate transporting position and the 
substrate etching position, a bellows 50 is provided 
between the shaft 63 of the substrate holding sys- 
tem and the flange 49 in the present invention. The 
bellows 50 also serves as a vacuum seal between 
the atmosphere and the etching chamber and is 
extended with a guide for the shaft 63 and upward 
and down ward drive mechanism installed in the 
atmospheric environment which are not shown in 
FIG 13 In the present invention, the bellows is 
placed between the shaft 63 and the flange 49 to 
minimize the diameter of the bellows 50. When the 
diameter of the bellows 50 is small, the force 
loaded on the substrate transporting mechanism is 
also small and consequently it is easily attained to 
make the upward and downward drive mechanism 
simple and highly accurate. It is needless to say 
that the foreign substances produced by abrasion 
in sliding portion are eliminated and the reliability 
against vacuum seal is improved comparing to a 
case of employing sliding portion using an 

elastomer seal 

Although by employing such a construction the 
substrate holding system is moved upward and 
downward, exposure of the bellows 50. the shaft 
63 the pusher 19 to the plasma is not preferable in 
the point of problem of foreign substances formed 
by attached etching products or in point of plasma 
resistivity of the materials. Therefore, in the present 
invention, cylindrical covers 67A and 67B crossing 
with each other are provided in the base 41 and in 
the flange 49, The covers 67A. 67B cross w|^h 
each other and have such dimensions that the 
crossing is kept even when the substrate holding 
system moves upward and downward. The both 



covers 67A and 67B are kept in the .grounded 
electric potential, the members inside the covers 
are always isolated from the plasma to be pro- 
tected from contamination. 
5 As described in the above embodiment, ac- 

cording to the present invention, a substrate hold- 
ing system and a method of holding a substrate 
having less foreign substances and performing uni- 
form etching can be attained. 
,0 It is understood that the present invention is 

not limited to the etching apparatus but widely 
applicable to the substrate treating apparatus and 
treating method requiring to hold substrate (treated 
object) with electrostatic adhesion. 
,5 In looking at FIG.9 or FIG.13 from the point to 

manufacture the above substrate holding system, it 
is difficult to manufacture the holding member 2 
since it has the coolant flow passage. As a matter 
of course, it is possible to obtain a member having 
20 the same effect by means of manufacturing the 
holding member 2 by dividing into two parts 
through machining as shown in FIG.9, jointing each 
other, sealing the coolant using an elastomer seal. 
However, in this method, there arise such problems 
25 of trouble, complexity, decrease in reliability that 
extra jointing portions or extra volume is required 
since sealing surface 55 is required, a seal is 
required in each hole of the parts when a through 
hole (for example, the hole inserted with the in- 
30 sulating pipe 44 in FIG.9) is provided in the holding 
member 2 as shown in FIG.9. 

Therefore, the present invention employs a 
manufacturing method where the holding member 
2 is formed in a one-piece structure. 
35 In the present invention, lost wax technique is 
employed as a method to solve this problem. 
FIG 14 shows this embodiment. First, a member 
having the same shape as the coolant flow passage 
42 is fabricated using wax. Next, a mold having the 
40 same shape as the outer shape of the holding 
member 2 is prepared, the flow passage mold 
made of wax being placed inside the mold, and 
then casting is performed. After removing the wax. 
the holding member 2 is completed. 
4S FIG 15 and Fig.16 show anther embodiment 
according to the present invention. In this embodi- 
ment a metallic member 52 machined the coolant 
flow passage 42 in advance and a holding member 
53 are coupled with each other through a jointing 
50 material 54. When the holding member is made of 
aluminum or an aluminum alloy, an aluminum alloy 
having a low melting temperature (for example, a 
silicon contained aluminum alloy) is used for the 
iointing material 54. Then the members 52. 53 are 
55 heated up to approximately 600 'C in a vacuurn 
environment with pressing, the jointing material 54 
having a low melting temperature being melted and 
reacting with the metallic members 52 and 53 to be 
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jointed to each ottier. Since the sealing surface 55 
shown in FIG.16 can be certainly jointed by em- 
ploying the diffusion welding rr^ethod. the through 
hole 66 can be made without any special cons.der- 
ation Since in the welding process 
r^embers, not limited one set, can be >«elded a, a 
time there is no problem in cost performance by 
means of manufacturing a lot of the metallic mem- 
bers 52 53 in advance and welding them at a time 
As described above, according to the present 
invention, since substrate holding by electrostatic 
adhesion can be certainly preformed without using 
member such as a weight on the substrate surface 
for preventing slide at substrate transporting or for 
preventing lift-up due to gas pressure or^ ^^^^ 
surface of the substrate, there .s an effect tha^ 
production of the foreign substances during sut>. 
strate etching can be decreased and t^^e P^«duct'on 
vield of the substrate can be expected to be im- 
proved. Further, since the operable period between 
cleaning sen/ices of the substrate etching appara- 
tus for removing the foreign substances is length- 
ened, there is an effect that the operabihty of the 
apparatus can be expected to be in'P™^'^- P"^" 
thermore, since the surface of the outer penphera 
portion of the substrate is nearly at the same level 
as the surface of the substrate in order to make the 
gas flow in the surface of the substrate uniform^ 
there is an effect that the substrate etching can be 
performed in excellently uniform over the surface 
Still further, since no elastomer seal is required for 
coolant sealing in forming the substrate holding 
system, there is an effect that the substrate holding 
system can be easily manufactured. 
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A substrate holding system holding a treated 
substrate on a specimen table, cooling said 
treated substrate with the coolant gas between 
the specimen table and said treated substrate 
during treatment, which comprises: 

a ring-shaped leakage-proof surface hav- 
ing smooth surface in the position correspond- 
ing to the periphery of said substrate; 

a plurality of contact holding portions 
against said substrate on the specimen table 
between the corresponding position to the pe- 
riphery of said substrate and the correspond- 
ing position to the center of said substrate; and 
electrostatic ttraction means for fixing said 
substrate by contacting the back surface o 
said substrate to the ring-shaped leakage-proof 
surface and the contact holding portions. 

2. A substrate holding system according to claim 
1 , wherein. 

the contact holding portions have through 
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holes, pins for pushing up the substrate being 
placed in said holes. 

A substrate holding system according to claim 
1 , wherein: 

the contact holding portions on the speci- 
men table are placed concentrically to the cen- 
ter of the specimen table in spaced relation- 
ship with each other. 

A substrate holding system according to claim 
1 , wherein: 

the contact holding portions on the speci- 
men table are composed of a plurality of is- 
land-shaped protruded portions, said island- 
shaped protruded portions being placed con- 
centrically to the center of said specimen tabte 
in double-array in spaced relationship with 
each other. 

A substrate holding system in a plasma treat- 
ment apparatus having a vacuum treating 
chamber, gas introducing means and a speci- 
men table mounting a substrate in the vacuum 
treating chamber where the substrate is held to 
the specimen table with electrostatic adhesion 
force and the temperature of the substrate is 
controlled by introducing a cooling gas be- 
tween the substrate and the specimen table, 
said specimen table comprises: 

a ring-shaped protmded portion having 
smooth surface in the position corresponding 
to the periphery of the substrate; 

a plurality of contact holding portions 
against said substrate on the specimen table 
between the corresponding position to the pe- 
riphery of said substrate and the correspond- 
ing position to the center of said substrate; and 
said substrate holding system further com- 

^"^ electrostatic ttraction means for fixing said 
substrate by contacting the back surface of 
said substrate to the ring-shaped protruded 
portion and the contact holding portions. 

5. The substrate holding system according to 

claim 1. wherein: 

the height of the ring-shaped leakage-proof 
surface and the contact holding portions is 
15am - 200u.m. 

7. The substrate holding system according to 
claim 1, wherein: 

the contact area of the ring-shaped leak- 
age-proof surface and the contact holding por- 
tions to the substrate is less than one half of 
the area of the substrate. 
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8. A substrate holding system according to claim 
1, which is constructed such that the excess 
portion of the cooling gas flowing through the 
holes penetrating the contact holding portions 
flows toward the specimen table opposite to 
the substrate to carry foreign substances pro- 
duced in the holes. 

9. A substrate holding system according to claim 
1, which comprises a cover on the specimen 
table in the opposite side of the substrate, the 
pressure inside said cover being kept higher 
than that in the treatment chamber during 
treating by means of introducing the excess 
gas of the cooling gas inside the cover to 
prevent the products of reaction in the treating 
chamber from entering into the inside of the 
cover. 

10. A substrate holding system according to claim 
8, which comprises a region on said holding 
member contacting to the back surface of said 
substrate around a transfer member of said 
substrate provided in the inner side of the gas 
leakage-proof surface in said holding member 
to prevent the gas for coolant from massively 
leaking through the installation portion of the 
transfer member. 

11. A substrate holding system according to claim 
8, wherein the gas leakage-proof surface pro- 
vided around said transfer member is an ad- 
hering surface utilizing electrostatic force. 

12. A substrate holding system according to claim 
8. which comprises a region on said holding 
member contacting to the back surface of said 
substrate around said temperature measure- 
ment member to prevent the gas lor coolant 
from leaking through the installation portion of 
said temperature measurement member. 

13. A substrate holding system in a plasma treat- 
ment apparatus having a vacuum treating 
chamber, gas introducing means and means 
for mounting a substrate in the vacuum treat- 
ing chamber where the mounting table for 
mounting the substrate holds said substrate 
with electrostatic adhesion force and the tem- 
perature of said substrate is controlled by in- 
troducing a cooling gas between said substrate 
and the mounting table, wherein: 

the contact area of said substrate and the 
mounting table by electrostatic adherence is 
less than one half of the area of said substrate, 
the mounting table having a nearly one-round 
contact portion between the periphery of said 
substrate and the center of said substrate oth- 



er than the contact portion of the periphery of 
said substrate, said mounting table except its 
contact portions having a gap to the substrate 
to accelerate the diffusion of the cooling gas 
5 when introduced, a passage allowing the cool- 

ing gas to flow out to the back of the mounting 
table other than the leakage through the pe- 
ripheral portion of said substrate. 

w 14. A substrate holding system according to claim 
13, wherein a hole allowing the cooling gas to 
flow out to the back of the mounting table is 
provided on a cover having a conductance 
against the vacuum treating chamber. 

15. A method of holding a substrate where a hold- 
ing member having a temperature measuring 
member has a control function for the tem- 
perature of a substrate, the substrate being 
20 mounted on and fixed to said holding member 

having temperature control function, then a gas 
being supplied between said holding member 
and the back surface of said substrate from a 
gas supplying portion provided on the holding 
25 member to cool said substrate using said gas 

as a coolant, which comprises: 

contacting the peripheral portion of said 
substrate to a ring-shaped gas leakage-proof 
surface provided on the periphery of said hold- 
30 ing member, adhering the peripheral portion of 

said substrate to said gas leakage-proof sur- 
face by electrostatic force to prevent the gas 
supplied to the back of said substrate from 
leakage. 

16. A method of holding a substrate according to 
claim 15. wherein the substrate is held by a 
plurality of substrate supporting portions pro- 
vided on the holding member in the inner side 

40 of the gas leakage-proof surface to prevent 

said substrate from deformation. 

17. A method of holding a substrate according to 
claim 15, wherein the gas leakage-proof sur- 

45 face is provided around the temperature mea- 

surement member, said gas leakage-proof sur- 
face serving as an adhering surface utilizing 
electrostatic force. 
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18. A method of holding a substrate according to 
claim 15, wherein the substrate holding mem- 
ber also serves as a temperature measurement 
memt>er. 

19. A substrate holding system for holding a sub- 
strate in a substrate etching apparatus, wherein 
said substrate holding system holds said sub- 
strate by using electrostatic force, a susceptor 
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made of an electrical insulating member hav- 
ing a top surface approximately in the same 
level as the treated surface of said substrate 
and having a inner side surface in outer posi- 
tioned relationship with the surface of said 
substrate being constructed in the periphery of 
said substrate, the inner side surface of said 
susceptor facing to the periphery of said sub- 
strate being in nearly parallel relationship with 
the normal direction of the treated surface of 
said substrate. 

20. A substrate holding system according to claim 
19, wherein a dielectric thin film made of a 
brittle material for holding said substrate with 
electrostatic force is formed on one surface of 
a holding member having a flow passage for 
circulating a coolant to control the temperature 
of said substrate, an electrically insulating ma- 
terial member being placed on and contacted 
to the other surface of said holding member, 
an electrically high conductive material mem- 
ber grounded to a standard electric potential 
being placed on the other surface of said hold- 
ing member, three kinds of said members be- 
ing overlaid and fixed to each other in order of 
the holding member having the dielectric thin 
film, the electrically insulating material member 
and the standard electrical potential member, a 
flow passage penetrating from said standard 
electric potential member to the coolant flow 
passage in said holding member for supplying 
and discharging coolant having the side sur- 
face formed of a electrically insulating member 
being provided, tubes having the side surface 
made of electrically insulating material fonnning 
at least three through holes penetrating said 
three kind of members into which movable 
members linked to a substrate transporting 
mechanism are inserted, a pipe-shaped mem- 
ber made of an electrically high conductive 
material being attached to said standard elec- 
trical potential member to support said three 
kinds of members, a small diameter pipe- 
shaped member made of an electrically high 
conductive material being inserted into the in- 
side of said pipe-shaped member through an 
electrically insulating material, said small diam- 
eter pipe-shaped member being connected to 
said holding member penetrating through said 
standard electric potential member and said 
electrically insulating material member, an 
electric potential for generating an electrostatic 
force to hold said substrate and an high fre- 
quency voltage required for etching said sub- 
strate being applied through said small diam- 
eter pipe-shaped member, a tube having the 
side surface made of an electrically insulating 
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material forming a through hole being provided 
in said holding member and said dielectric thin 
film in such a feature that gas can be supplied 
from the inside hole of said small diameter 
pipe-shaped member to the gap between the 
back surface of said substrate and the surface 
of said dielectric thin film. 

21. A substrate holding system according to claim 
20. wherein the movable member linked to 
said substrate transporting mechanism is made 
of an electrically conductive material. 



22. A substrate holding system according to any 
15 one of claim 20 to claim 21, wherein said 

dielectric thin film and said holding member 
are covered with a member made of an elec- 
trically insulating material in such a feature that 
said dielectric thin film and said holding mem- 
20 ber are not seen in the peripheral portion of 

said substrate when said substrate is held on 
the surface of said dielectric thin film. 
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23. A substrate holding system according to any 
one of claim 20 to claim 22, wherein the sur- 
rounding of said holding member is covered 
with an electrically insulating material, the fur- 
ther outer surrounding being covered with an 
electrically high conductive member electrical- 
30 ly connected to said standard electric potential 

member, the furthermore outer surrounding be- 
ing covered with an electrically insulating ma- 
terial cover member. 



35 24. A substrate holding system according to any 
one of claim 20 to claim 23, wherein a guide 
for moving the movable member inserted into 
the through hole for transporting said substrate 
is provided outside said pipe-shaped member. 

40 

25. A substrate hoWing system according to any 
one of claim 19 to claim 24. wherein the sub- 
strate holding system is fixed to a flange in the 
substrate etching apparatus by using an exten- 

45 dable sealing member provided between said 

pipe-shaped member and said flange, the 
movement of said substrate holding system to 
place the substrate in a position suitable for 
treating said substrate being preformed by 

50 means of extending said sealing member. 

26. A substrate holding system according to any 
one of claim 19 to claim 25, wherein a nearly 
cylinder-shaped cover is provided in the outer 
55 portion of said standard electric potential mem- 

ber, a nearly cylinder-shaped member having 
a different diameter from said cover being 
fixed to said flange, the inside of said cylinder- 
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shaped member being covered with overlap of 
said cylinder-shaped member when said sub- 
strate holding system moves up and down. 

27. A substrate holding system according to any 
one of claim 19 to claim 26, wherein a tube 
having the side surface made of an electrically 
insulating material is provided to form a 
through hole in said three kinds of member, a 
detector for measuring the temperature of a 
substrate held on said dielectric thin film being 
placed in said through hole. 

28. A substrate holding system according to any 
one of claim 19 to claim 27, wherein a tube 
having the side surface made of an electrically 
insulating material is provided to form a 
through hole in said three kinds of member, a 
detector for detecting the presence or absence 
of a substrate held on said dielectric thin film 
being placed in said through hole. 

29. A substrate holding system according to claim 
28. wherein said detector for detecting the 
presence or absence of a substrate is an op- 
tical fiber, the detection of the presence or 
absence of a substrate being judged by wheth- 
er the light introduced through the fiber is 
reflected by the back surface of said substrate. 

30. A substrate holding system according to claim 
28. wherein the detection of the presence or 
absence of said substrate is performed using 
the signal from a detector for detecting the 
temperature of the substrate. 

31. A substrate holding system according to claim 
28, wherein the detection of the presence or 
absence of said substrate is performed using 
the signal from a detector for detecting the gas 
pressure for cooling the substrate. 

32. A substrate holding system according to any 
one of claim 19 to claim 27, wherein diffusion 
welding is used to form the coolant flow pas- 
sage for control the temperature of said sub- 
strate in said holding member. 

3a A substrate holding system according to any 
one of claim 19 to claim 27, wherein soldering 
is used to form the coolant flow passage for 
control the temperature of said substrate in 
said holding member. 

34. A substrate holding system according to any 
one of claim 19 to claim 27, wherein casting is 
used to form the coolant flow passage for 
control the temperature of said substrate in 



said holding member. 

35, A substrate holding system according to any 
one of claim 19 to claim 27. wherein the gap 
between the cover member covering said elec- 
tric thin film and said holding member and the 
portion facing to the back surface of the pe- 
riphery of said substrate is less than 0.3 mm. 
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